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(57) Abstract: 

PROBLEM TO BE SOLVED: To permit the highly accurate measurement of 
wavefront aberration even of an optical system using a light source with 
extremely short coherence length by bringing the first beam of light 
diffracted by the second pinhole into interference with the second beam of 
light. 

SOLUTION: Quasi-monochromatic light emitted from the same light source 
1 as an exposure light source is transmitted through a mirror 2. a beam 
expander, etc., and is converged on a pinhole 4 by a converging lens 3. The 
light diffracted by the pinhole 4 becomes ideal spherical waves and 
becomes incident onto a test optical system 6 as measuring light. The 
measuring light is transmitted through the test optical system 6, converged 
on the location of the image surface of the test optical system 6, magnified, 
and brought into forming an image on a mask 1 1 via the first objective lens 
7, a half mirror 8, and the second objective lens 9. A diffraction grating 10 is 
arranged between the mask 1 1 and the second objective lens 9 to divide 
the measuring light into a plurality of beams of diffracted light. A reference 
wavefront and a surface to be inspected are superimposed to an image 
pickup device 13 by a lens 12 to form interference fringes. The image of the 
interference fringes is analyzed by a computer 19 to obtain the wavefront 
aberration of the test optical system 6. 
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(54) INTERFEROMETER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To permit the highly accurate measurement of 
wavefront aberration even of an optical system using a light source with 
extremely short coherence length by bringing the first beam of light 
diffracted by the second pinhole into interference with the second beam of 
light. 

SOLUTION: Quasi-monochromatic light emitted from the same light source 
1 as an exposure light source is transmitted through a mirror 2, a beam 
expander, etc., and is converged on a pinhole 4 by a converging lens 3. The 
light diffracted by the pinhole 4 becomes ideal spherical waves and 
becomes incident onto a test optical system 6 as measuring light. The 
measuring light is transmitted through the test optical system 6, converged M 
on the location of the image surface of the test optical system 6, 
magnified, and brought into forming an image on a mask 1 1 via the first 
objective lens 7, a half mirror 8, and the second objective lens 9. A 
diffraction grating 10 is arranged between the mask 1 1 and the second 
objective lens 9 to divide the measuring light into a plurality of beams of 
diffracted light. A reference wavefront and a surface to be inspected are 
superimposed to an image pickup device 1 3 by a lens 1 2 to form 
interference fringes. The image of the interference fringes is analyzed by a 
computer 19 to obtain the wavefront aberration of the test optical system 6 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In an interferometer for measuring wave aberration of ********- e d using the flux of light emitted from the 
light source The first optical means which it has [ optical means ] the 1st pinhole which changes the flux of light from 
said light source into a spherical wave, and carries out incidence of said spherical wave to said ********-ed, The 
second optical means which divides an outgoing beam from said ********-ed into the 1st and 2nd flux of lights at least, 
The third optical means which it has [ optical means ] the 2nd different pinhole from said pinhole, and makes said 1st 
flux of light diffract at said 2nd pinhole, An interferometer characterized by obtaining an interference fringe by **** 
(ing) and making said 1st flux of light which you were made to diffract at said 2nd pinhole, and said 2nd flux of light 
interfere. 

[Claim 2] It is the interferometer according to claim 1 characterized by arranging said first optical means at a body side 
location side of said ********. e d, and arranging said third optical means at an image surface location side of said 

[Claim 3] Said second optical means is an interferometer according to claim 1 or 2 characterized by including a 
diffraction grating. 

[Claim 4] Said diffraction grating is an interferometer according to claim 3 characterized by being movable in a 
direction vertical to an optical axis. 

[Claim 5] Said second optical means is an interferometer according to claim 1 to 4 characterized by including 
amplification image formation optical system. 

[Claim 6] Said third optical means is an interferometer according to claim 1 to 5 characterized by having a board which 
was able to prepare a window which makes only said 2nd flux of light other than said 2nd pinhole penetrate. 
[Claim 7] When a diameter phi of said 1st pinhole of said first optical means sets [ measurement wavelength ] a scale 
factor of NA and the first optical means to m for incidence side numerical aperture of lambda and a **-ed lens, it is 
lambda/2<phi<lambda/(m-NA). 

An interferometer according to claim 1 to 6 characterized by satisfying ******. 

[Claim 8] An interferometer according to claim 1 to 7 characterized by for a condensing point being in an optical path of 
said first optical means, and inserting the 3rd pinhole in this condensing point. 

[Claim 9] An interferometer according to claim 8 characterized by having a computer which saves a wave-front 
measurement result when inserting said 3rd pinhole in said condensing point. 

[Claim 10] An interferometer according to claim 1 to 9 characterized by for a condensing point being in an optical path 
of said third optical means, and inserting the 4th pinhole in this condensing point. 

[Claim 1 1] An interferometer according to claim 10 characterized by having a computer which saves a wave-front 
measurement result when inserting said 4th pinhole in said condensing point. 

[Claim 12] It is the interferometer according to claim 1 to 1 1 characterized by installing said first optical means on the 
first stage, installing said second optical means and third optical means on the second stage, and said first stage and said 
second stage being movable to said ********-ed. [Claim 13] Said first stage and said second stage are an interferometer 
according to claim 12 characterized by interlocking and moving. 

[Claim 14] An interferometer according to claim 12 or 13 characterized by having a laser interferometer which 
measures a location of said first stage and second stage. 

[Claim 15] Coherence length of said light source is an interferometer according to claim 1 to 14 characterized by being 
1/10 or less [ of length between object images of said ********. e d ]. 

[Claim 16] In an interferometer for measuring wave aberration of ********-ed using the flux of light emitted from the 
light source The first optical means which it has [ optical means ] a pinhole which changes the flux of light from said 
light source into a spherical wave, and carries out incidence of said spherical wave to said ********-ed, A reflective 
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means to reflect and to return an outgoing beam from said ********-ed to said ********-ed again, The second optical 
means which divides an outgoing beam from said reflective means into the 1st and 2nd flux of lights at least, An 
interferometer characterized by obtaining an interference fringe by making said 1st flux of light diffract, having the third 
optical means which generates a spherical wave, and making said 1st flux of light which you were made to diffract by 
said 3rd optical means, and said 2nd flux of light interfere. 

[Claim 17] Said reflective means is an interferometer according to claim 16 characterized by being the spherical mirror 
manufactured by high degree of accuracy. 

[Claim 18] Said pinhole is an interferometer according to claim 16 or 17 characterized by serving also as generating a 
spherical wave of said third optical means. 

[Claim 19] A means to generate a spherical wave of said third optical means is an interferometer according to claim 16 
or 17 characterized by being said pinhole and a different pinhole. 

[Claim 20] Both a pinhole of said first optical means and a pinhole of said third optical means are an interferometer 
according to claim 18 or 19 characterized by being arranged at an image surface location side of ********. e d. 
[Claim 21] Both a pinhole of said first optical means and a pinhole of said third optical means are an interferometer 
according to claim 1 8 or 1 9 characterized by being arranged at a body side location side of ********-ed. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the interferometer for measuring the wave 

aberration of optical system. 

[0002] 

[Description of the Prior Art] As equipment for measuring the wave aberration of optical system, the thing adapting an 
interferometer is known from the former. For example, these interferometers were the Fizeau interferometer and the 
Twyman Green interferometer. Moreover, the point diffraction interferometer using the diffracted light from a pinhole is 
opened to JP,57-64139,A. 
[0003] 

[Problem(s) to be Solved by the Invention] The cutback projection lens of a semiconductor aligner is mentioned as one 
of the optical system as which current and the highest wave-front precision are demanded. Since this cutback projection 
lens is having wave aberration optimized to the exposure light source wavelength of a semiconductor aligner, it is 
necessary for measurement of wave aberration to use the exposure light source. 

[0004] However, i line of the mercury lamp which is the exposure light source of a semiconductor aligner, and KrF, 
ArF, and F2 excimer laser have dramatically short coherence length, and cannot measure wave aberration using the 
Fizeau interferometer. On the other hand, in the Twyman Green interferometer, if the optical path length of a 
measurement path and the optical path length of a reference beam way containing a cutback projection lens (********_ 
ed) are made in agreement, an interference fringe can be obtained. However, since reference beam way length is set to 
lm or more, it cannot be influenced of disturbance, such as air fluctuation, and cannot realize the high accuracy of 
measurement called lambda/100 needed. 

[0005] Moreover, since a point diffraction interferometer does not need the high light source of coherence, there is no 
problem of coherence. However, in the conventional example, the accuracy of measurement high for that the precision 
of the wave front which carries out incidence to **"******-ed is bad, and the wave aberration generated with a 
wavefront-splitting element (for example, diffraction grating) was unrealizable. This invention was made in view of the 
above-mentioned trouble, and even if it is optical system for which coherence length uses the very short light source, it 
aims at offering the interferometer which can measure wave aberration by the high accuracy of measurement. 
[0006] 

[Means for Solving the Problem] In an interferometer for measuring wave aberration of ********-ed in this invention 
using the flux of light emitted from the light source, in order to attain the above-mentioned object The first optical 
means which it has [ optical means ] the 1 st pinhole which changes the flux of light from said light source into a 
spherical wave, and carries out incidence of said spherical wave to said ********-ed, The second optical means which 
divides an outgoing beam from said ********-ed into the 1st and 2nd flux of lights at least, The third optical means 
which it has [ optical means ] the 2nd different pinhole from said pinhole, and makes said 1st flux of light diffract at 
said 2nd pinhole, It **** and an interferometer characterized by obtaining an interference fringe is offered by making 
said 1st flux of light which you were made to diffract at said 2nd pinhole, and said 2nd flux of light interfere. 
[0007] Moreover, it sets to an interferometer for measuring wave aberration of ********- e d using the flux of light 
emitted from the light source. The first optical means which it has [ optical means ] a pinhole which changes the flux of 
light from said light source into a spherical wave, and carries out incidence of said spherical wave to said ********. e d, 
A reflective means to reflect and to return an outgoing beam from said ********-ed to said ********-ed again, The 
second optical means which divides an outgoing beam from said reflective means into the 1st and 2nd flux of lights at 
least, Said 1st flux of light is made to diffract, it has the third optical means which generates a spherical wave, and an 
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interferometer characterized by obtaining an interference fringe is also offered by making said 1st flux of light which 

you were made to diffract by said 3rd optical means, and said 2nd flux of light interfere. 

[0008] 

[Embodiment of the Invention] As mentioned above, in this invention, the wave-front accuracy of measurement is 
raised by carrying out incidence of the ideal spherical wave diffracted by the pinhole to ********-ed. Moreover, it 
makes it possible to raise the accuracy of measurement by measuring the wave aberration which newly inserted the 
pinhole for a calibration into the measurement path, and has been generated in optical system other than ********_ ec i 5 
and subtracting it. 

[0009] Moreover, the configuration of the interferometer for proofreading the wave aberration generated in optical 
system other than ********. e d using a high-degree-of-accuracy spherical mirror, without using the pinhole for a 
calibration was also devised. 
[0010] 

[Example] The [first example] The first example is explained using drawing 1 . This example is an interferometer for 
measuring the wave aberration of the cutback projection lens of a semiconductor aligner. That is, it is an example when 
using ********_ e( j as a cutback projection lens. 

[001 1] After the quasi-monochromatic light which carried out outgoing radiation from the same light source 1 as the 
exposure light source of a semiconductor aligner penetrates a mirror 2, a non-illustrated beam expander, etc., it is 
condensed on a pinhole 4 with a condenser lens 3. A pinhole 4 is the circular opening of the diameter of the wavelength 
degree of a measuring beam. In this example, a pinhole 4 vapor-deposits thin film 4a which consists of a metal 
membrane or dielectric multilayers, such as chromium, on the front face of quartz-glass board 4b, and etching etc. 
manufactures pinhole 4c by [ of a thin film ] forming in a core mostly. Drawing 2 is the enlarged view. 
[0012] When the light sources are excimer laser, such as KrF, ArF, and F2, since these are pulse lasers, they irradiate 
energy strong against a short time of 10 - 20ns. Therefore, the construction material of a pinhole must be fully durable to 
the peak power of a pulse laser. The light made to diffract by pinhole 4c serves as an ideal spherical wave, and carries 
out incidence to ******** 6-ed as a measuring beam. In this example, the measuring beam is condensed by the cutback 
optical system 5 in the body side location (location where reticle is usually arranged) of ******** 6-ed. 
[0013] A measuring beam must have only the angle of divergence which covers the pupil surface of ******** 6-ed, and 
it must carry out incidence to******** 6-ed. This condition is phi<lambda/(m-NA), when the diameter of pinhole 4c is 
set to phi and it sets [ measurement wavelength ] the scale factor of NA and the cutback optical system 5 to m for the 
incidence side numerical aperture of lambda and the **-ed lens 6. (A) 

It can express. When the permeability of a pinhole is taken into consideration, it is lambda/2<phi<lambda/(m-NA) 

actually. (B) 

It becomes ******* 

[0014] Amplification image formation of the measuring beam which condensed in the image surface location (location 
where a wafer is usually arranged) of ******** 6-ed is carried out on a mask 1 1 after penetrating ******** 6-ed 
through the first objective lens 7, a half mirror 8, and the 2nd objective lens 9. Amplification image formation is needed 
for preventing the fabrication of mask pinhole 11a mentioned later becoming difficult, if the magnitude of the image 
made into an image surface location becomes the very small thing of wavelength order and does not carry out 
amplification image formation, when the **-ed lens 6 is the cutback optical system for semiconductor aligners. 
[0015] The diffraction grating 10 is installed between a mask 1 1 and the 2nd objective lens 9, and a measuring beam is 
divided into two or more diffracted lights. A mask 1 1 consists of small pinhole 1 la of the wavelength order of a 
measuring beam, and comparatively large window 1 lb of hundreds of [ dozens to ] order of wavelength. It is separated 
from pinhole 1 la and window 1 lb one 100 times the number of the wavelength of a measuring beam of this. Drawing 4 
is the enlarged view of a mask 1 1 . In this example, the zero-order diffracted light condenses to pinhole 11a, the primary 
diffracted light condenses in the center of window 1 lb, and the diffraction grating 10 is formed so that other diffracted 
lights may be cut with a mask 1 1 . The light diffracted by pinhole 1 la serves as an ideal spherical wave, and is used as a 
reference wave side of measurement. On the other hand, the light which penetrated window 1 lb is eternal, and is used 
as a detected field. 

[0016] With a lens 12, a reference wave side and a detected field are superimposed by the image sensor 13, and form an 
interference fringe. The duty which carries out image formation of the pupil surface of ******** 6-ed on the detection 
side of an image sensor 13 has also achieved the lens 12. An interference fringe image is analyzed by computer 19, and 
the wave aberration which ******** 6-ed has is called for. In order to analyze an interference fringe with high degree 
of accuracy, a diffraction grating 10 is used for a piezoelectric device etc., and two or more interference fringe images 
when shifting to parallel about [ every ] 1/4 of the period of a diffraction grating are used in the direction [ vertical to an 
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optical axis and ] vertical to the sense of the straight line of a diffraction grating. Analysis of an interference fringe is 
carried out to procedure well-known as a striped scanning method. 

[0017] Here, in order to irradiate the pupil surface of ******** 6-ed, creation of the small pinhole which usually has a 
large angle of diffraction is needed. The fabrication of the pinhole of wavelength order is dramatically difficult. 
Moreover, when using a small pinhole, in order to obtain the interference fringe image of brightness sufficient with an 
image sensor 13, it will be necessary to illuminate pinhole 4a by very strong exposure reinforcement. The pinhole 
formed by the chromium film mentioned above has a possibility that a film may be damaged, when a strong light is 
irradiated. 

[0018] The cutback optical system 5 is for preventing failure of a pinhole. For example, if a cutback scale factor is made 
into 1/10, while the magnitude of a pinhole will increase 10 times and a fabrication will become easy, exposure 
reinforcement increases 1/100 time, and the problem of the endurance of a pinhole film is also solved. When the light 
source 1 is the pulse light source like this example, there is the method of lowering the peak value of the exposure 
reinforcement of light source side pinhole 4a by division of a pulse besides the above-mentioned pinhole failure 
prevention method. 

[0019] This example is explained using drawing 7 . A half mirror 84 divides the light which carried out outgoing 
radiation from the light source 1. About 62% of permeability is [ the reflection factor of a half mirror ] desirable 38%. 
The flux of light which has penetrated the half mirror after penetrating a half mirror 84 and reflecting by the prism 
mirrors 85a, 85b, and 85c compared with the light reflected by the half mirror 84 is delayed in time. A time delay tl 
becomes the value which broke the optical path length LI of this loop by the speed of light c. A time delay tl must be 
chosen so that it may become longer than the pulse duration of the light source 1 . A lens 90 is the optical system for 
equalizing them, when neither the intensity distribution in the cross section of a beam nor wavelength distribution is in 
agreement. Thereby, as for the beam which passed the loop, four directions are reversed. 

[0020] The 2nd loop has the still bigger optical path length L2, and whenever it turns a loop, a half mirror 86 and the 
prism mirrors 87a, 87b, and 87c are arranged so that a beam may shift. The time delay t2 by the 2nd loop is L2/c, and 
whenever it rotates a loop once, the pulse in which only t2 was is acquired. t2 is chosen so that it may become a bigger 
value than tl. 

[0021] The situation of the pulse change at the time of using such optical system is shown in drawing 8 . It turns out that 
an effect equivalent to developing the persistence time of a pulse is chosen, and peak power is decreasing. Since it was 
the peak power of a pulse which is contributed to destruction of a pinhole film, this loop optical system brought the big 
effect to the improvement in endurance of a pinhole. In addition, this loop optical system is inserted between the light 
source 1 and a mirror 2. 

[0022] By the measuring method to the above-mentioned, the detected field is influenced of the aberration of all the 
optical system between light source side pinhole 4a and detection side pinhole 11a. concrete - the measurement result 
W0 - from the wave aberration Wr of the cutback optical system 5, the wave aberration Wt of ******** 6-ed, and the 
first objective lens 7 up to a diffraction grating 10 - since - it is expressed with the sum with the wave aberration Wp 
of the becoming detection optical system. 
[0023] W0=Wr+Wt+Wp (1) 

As for the wave aberration Wr of cutback optical system, and the wave aberration Wp of detection optical system, it is 
desirable to make it small as much as possible. Therefore, such optical system is manufactured by high degree of 
accuracy using the homogeneous good material. When ******** 6-ed is the cutback optical system for semiconductor 
aligners, the precision prescribe of wave aberration measurement is very high, and cannot disregard effect of Wr and 
Wp. Then, how to remove these effects is explained using drawing 5 and drawing 6 . 

[0024] First, how to measure the wave aberration Wp of detection optical system is explained. The first calibration 

pinhole 25 which consists of a opening with the diameter of the wavelength order of activity light is arranged in the 

image surface location of ******** 6-ed. At this time, the wave front diffracted at the first calibration pinhole 25 is an 

ideal spherical wave. Therefore, the interference fringe formed on an image sensor 13 will express the wave aberration 

Wp generated in detection optical system here. 

[0025] 

Wl=Wp(2) 

Next, the first calibration pinhole 25 is removed and the second calibration pinhole 27 which consists of a opening with 
the diameter of the wavelength order of activity light is installed in the body side location of ******** 6-ed. Since an 
ideal spherical wave occurs from the second calibration pinhole 27, the interference fringe obtained expresses the sum 
of the wave aberration Wt of ******** 6-ed, and the wave aberration Wp of detection optical system at this time. 
[0026] 
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W2=Wt+Wp (3) 

It can ask only for the wave aberration Wtof******** 6-ed by performing two measurement above. A formula (2) and 
(3) are used and, specifically, it is Wt=W2-Wp=W2-Wl . (4) 

********** is good. Count of a formula (4) is easily performed by subtracting the measurement result of wave 
aberration by computer. 

[0027] What is necessary is to perform the above-mentioned calibration method only at once, if the wave aberration 
which cutback optical system and detection optical system have is not changed in time. The wave aberration Wr of 
cutback optical system is called for by Wr=W0-W2. Since the wave aberration of detection optical system is Wl, such 
information is stored in the computer, and if Wr and Wp are subtracted from the usual measurement result WO, it can 
ask for the wave aberration Wt of a **-ed lens only by one measurement. It is enough just to perform measurement for 
the calibration using a calibration pinhole periodically. 

[0028] Then, the alignment equipment of the optical system performed at the time of measurement is explained using 
drawing 9 . In the interferometer of this example, unless it condenses the light which carried out outgoing radiation from 
light source pinhole 4a to detection pinhole 1 la, measurement is impossible. Therefore, the alignment of optical system 
is dramatically important. Since it is necessary to measure the wave aberration of ******** 6-ed not only an optical- 
axis top but besides a shaft, the light source section is installed on a stage 23, and is movable to the perpendicular 
direction in the level surface (the optical axis and perpendicular direction of ******** 6-ed). Detection side optical 
system is similarly installed on the stage 24, and is movable to the inside of the level surface, and a perpendicular 
direction. 

[0029] After ******** 6-ed is installed in a criteria location, a stage 23 is moved to the position of a horizontal 
direction and the direction of an optical axis. Movement magnitude is directed by computer and the location of a stage 
23 is measured by the precision with non-illustrated laser length measurement equipment. At this time, a half mirror 8 is 
penetrated, it is reflected by the mirror 16, and a part of light which carried out outgoing radiation from light source 
pinhole 4a carries out image formation of the spot on an image sensor 13 with a condenser lens 12 through the mirror 22 
inserted into the measurement path A2. Since the amount of gaps from the criteria location of this spot expresses the 
amount of location gaps of a stage 24, horizontal alignment can be performed by moving on a stage 24 using this 
information. 

[0030] However, this equipment of sensitivity is insufficient [ the resolution of alignment ], in order to irradiate a 
measuring beam at detection pinhole 1 la, since it is decided by pixel size of an image sensor 13. Then, he is trying for 
the light which carried out outgoing radiation from pinhole 4a to condense also on the quadrisection detector 18 with a 
condenser lens 17 in this example. If a quadrisection detector is used, compared with the conventional equipment only 
using an image sensor, a location gap can be measured with high resolution. Therefore, if the location of a stage 24 is 
corrected based on this information, it will become possible to condense a measuring beam on detection pinhole 11a. 
Although the quadrisection detector was used as a detector in this example, other means, such as PSD, may be used. The 
location of a stage 24 is also measured by the non-illustrated laser measuring machine. 

[0031] A location gap of the direction of an optical axis can be measured by judging the magnitude of the formed spot 
image using the image formation lens 12. However, a focal component is calculated by performing measurement once 
and analyzing an interference fringe eventually, and it is the method of moving in the direction of an optical axis based 
on the information on a stage, and is carrying out to the precision. In this example, the quadrisection detector 18 is used 
also as a detector of active optical system only as alignment equipment. As mentioned above, if the quadrisection 
detector 1 8 is used, the strike slip of optical system is detectable. Not only an alignment error but disturbance, such as 
an oscillation, is included in the cause of a strike slip. Although this equipment is installed on non-illustrated vibration 
removal equipment, it is difficult for removing the oscillation from the outside thoroughly. Especially a horizontal 
oscillation is the big problem which may be made to reduce the contrast of an interference fringe and may make the 
measurement itself impossible. 

[0032] In this example, using the signal acquired from the quadrisection detector 18, the amount of strike slips of optical 
system is calculated on real time by computer 20, and the location of light source pinhole 4a is moved so that it may be 
negated. Thereby, the effect of an oscillation can be negated. Here, the movement magnitude of a pinhole is directed 
from a computer 20, and migration of a pinhole is performed using the piezoelectric device 21 . Although the effect of an 
oscillation is negated by moving light source pinhole 4a in this example, this does not necessarily mean that only the 
light source pinhole was vibrating. Change of the relative relation between the light source section 23, ******** 6-ed, 
and the detection system 24 is compensated only with migration of light source pinhole 4a, and an effect with the same 
said of moving ******** 6-ed and the detection system 24 is acquired. In this example, in order to enable a high-speed 
response, light source pinhole 4a with light weight is moved. 
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[0033] In this example, the quadrisection detector 1 8 is further used also for distortion measurement of ******** 6-ed. 
When it moves on a stage 23 so that light source section pinhole 4a may be horizontally put on the location of x from 
the optical axis of ******** 6-ed, ideally, the image made in an image surface location by ******** 6-ed 1/m time the 
cutback scale factor of this must be in the distance of x/m from the optical axis. However, when ******** 6-ed has 
distortion aberration, an image formation location is shifted in the direction which intersects perpendicularly with an 
optical axis. Distortion measurement measures this shifted amount. In this example, distortion measurement is realized 
by measuring a location gap of the image formed in the image surface location using a quadrisection detector, 
measuring the location of stages 23 and 24 with a laser interferometer to high degree of accuracy. It is necessary to stop 
or to take into consideration the above-mentioned active optical sequence to the movement magnitude of the light 
source pinhole by the piezoelectric device, and it needs to perform distortion count at the time of distortion 
measurement. By using the quadrisection detector 18, measurement with nanometer order is realizable. 
The [second example] The 2nd example of this invention is explained using drawing 10 . This example is an 
interferometer to which a measuring beam is made to go and come back within ******* *- e d unlike the first example. 
[0034] After the homogeneous light by which outgoing radiation was carried out from the light source 28 penetrates a 
mirror 29, a non-illustrated beam expander, etc., it is condensed on a mask 32 after an echo by the half mirror 3 1 with a 
condenser lens 30. A mask 32 unifies the light source pinhole 4 and the detection pinhole 1 1 of the first example. A 
mask 32 consists of a small pinhole of the wavelength order of a measuring beam, and a comparatively large window of 
hundreds of [ dozens to ] order of wavelength, and the above-mentioned condensing flux of light is condensed on a 
small pinhole. 

[0035] The light made to diffract at a pinhole serves as an ideal spherical wave, and only the zero-order transmitted light 
of a diffraction grating 33 carries out incidence to ******** 37-ed as a measuring beam. This measuring beam must 
fully cover the pupil surface of ******** 37-ed. The diffracted light of other degrees extracts and is cut by 5 1 . In the 
example shown in drawing JO , although drawing 51 is put on the incidence side (below) of ******** 37-ed, it may be 
installed in the condensing point by the side of outgoing radiation (above). Moreover, it is also possible to install a 
diffraction grating 33 between ******** 37-ed and the condensing point by the side of injection (above). 
[0036] It is reflected by the spherical-surface mirror 38 extremely manufactured by high degree of accuracy, and the 
measuring beam which penetrated ******** 37-ed penetrates ******** 37-ed again, and it carries out incidence to 
detection optical system. It is the same as the first example to carry out re-image formation of the point image on a mask 
32 with the first objective lens 36, a half mirror 35, and the 2nd objective lens 34, to condense the light of a degree with 
a diffraction grating 33 on a mask 32, and to make a diffracted-wave side into a reference wave side, to make into a 
detected field the wave front of another degree which penetrated the window of a mask 32, and that the other degree is 
omitted with a mask 32. 

[0037] In this example, the reflected light by the mask 32, a diffraction grating 33, etc. may carry out incidence to an 
image sensor 45. As a solution means for that, these elements are made to incline a little to an optical axis, and may be 
installed. Moreover, although one with desirable carrying out image formation of the pupil surface of ******** 6-ed to 
the detection side of an image sensor 45 is the same as the first example, when it cannot realize, it may be made to carry 
out image formation of the reflector of the spherical-surface mirror 38 to the detection side of an image sensor 45. Since 
the measurement result by this equipment expresses the wave aberration produced by going and coming back to 
******** 6-ed, in order to ask for the wave aberration which passed only one way of ******** 6-ed, it cannot be 
overemphasized that it is necessary to divide a measurement result by 2. 

[0038] The configuration of alignment optical system is the same as the first example. Moreover, in the case of this 
example, in order to compensate the effect of an oscillation, the location of the spherical-surface mirror 38 is moved 
actively. In order to analyze an interference fringe image with high degree of accuracy, it is also possible to use two or 
more interference fringe images when shifting a diffraction grating 33 using piezoelectric-device 33a etc. like the first 
example. However, different technique as shown below is used in this example. 

[0039] If distance of G, a diffraction grating 33, and a mask 32 is set to z for the pitch of a diffraction grating 33 and 
measurement wavelength is set to lambda when using a diffraction grating 33, the gap d of the criteria light on a mask 
32 and a measuring beam will serve as d=z tan{arcsin(lambda/G)} **lambdaz/G. When a measuring beam is made into 
parallel light with the lens 44 of a focal distance f, and carries out incidence to an image sensor 45 and the focal distance 
of a lens 44 is set to f, the angle theta of the reference wave side after lens transparency and a detected field to make is 
theta=arctan (d/f). 

It is expressed. Therefore, the period T of the interference fringe on an image sensor 45 can be expressed as T=lambda / 
sin theta=lambda / sin{arctan(d/f)} **lambdaf/d**fG/dz. This formula shows that it is not the amount which changes 
with positioning of the device under test at the time of that the period T of an interference fringe is the amount which 
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can be beforehand known from the pitch of a diffraction grating etc., and measurement etc., and is understood that it is 
easy to constitute an interferometer from this so that it may become the integral multiple of the pixel gap p of an image 
sensor about the interference fringe period T. That is, an interferometer can be constituted so that it may become 
T=fG/dz=Np. N is an integer. 

[0040] In order to measure the information on an interference fringe correctly, the frequency of an interference fringe 
must be lower than the Nyquist rate of an image sensor 45. Since this condition is expressed as T>=2p, N must be two 
or more integers. When the period T of the interference fringe on an image sensor 45 is the integral multiple of p, phase 
distribution can be searched for by applying the analysis type of a general phase shift interference method to space 
coordinates, for example, the pixel of an image sensor is located in a line with the equiphase line and perpendicular 
direction of an interference fringe, and in being T=4p As shown in draw ing 16 , output [ from the n-th pixel ] I (n) I (n) 
= A+B sinphil (n+1) =A+B sin(phi+pi/2) = A+B cosphil (n+2) =A+B sin(phi+pi) = A-B sinphil (n+3) -- it is 
expressed =A+B sin(phi+3pi/2) =A-B cosphi. Therefore, the average phase phi in the pixel of 3rd [ +] n-n is phi=arctan 
{(I(n)-I(n+2))}/{(I(n+l)-I(n+3))}. 
It can ask "Be alike." 

[0041] Analysis of an interference fringe can be performed also by using the Fourier transform. In this example, it 
enables it for the computer 46 to have two or more analyzers, and to measure using the optimal analysis method. Next, 
the calibration method of optical system is explained using drawin g 1 1 . The wave aberration of not only the wave 
aberration of ******** but detection optical system (33-36) is overlapped on the measurement result obtained by 
the method to the above. In order to remove the effect of such wave aberration, the spherical-surface mirror 52 
manufactured by high degree of accuracy is used. When it measures by installing the spherical-surface mirror 52 instead 
of******** 37-ed, the result expresses the wave aberration of detection optical system (33-36). Only the wave 
aberration of ******** 37-ed is measurable by saving this result in the computer and subtracting from the result 
measured with the configuration of the interferometer shown in drawin g 10 . It is desirable for the relation of R52=M- 
M-R38 between the radius of curvature R52 of the spherical-surface mirror 52 for a calibration and the radius of 
curvature R38 of the spherical-surface mirror 38 for measurement to be. Here, M is a scale factor at the time of carrying 
out incidence of the light to******** 37-ed from an upside by a diagram. In the case of a semiconductor aligner, M has 
many things of 1 / 4 - 1/6. 

The [third example] A measuring beam is equipment which goes and comes back to the inside of ********-ed, and this 
example is characterized by separating a light source section pinhole and a detection pinhole through a half mirror as 
well as the second example. It explains referring to drawing 12 below. 

[0042] After the homogeneous light which carried out outgoing radiation from the light source 54 penetrates a mirror 
55, a non-illustrated beam expander, etc., it is condensed on the small light source pinhole 57 of the wavelength order of 
a measuring beam with a condenser lens 56. Incidence of the light diffracted at the pinhole is carried out to a collimator 
lens 59 as an ideal spherical wave, and it is condensed by the body side location 0 f ******** 64-ed with the first 
objective lens 63. It is reflected by the very highly precise spherical-surface mirror 65, and the light which penetrated 
******** 64-ed penetrates ******** 64-ed again. It is separated into a reference wave side and a detected field by a 
diffraction grating 73 and the mask 74, and this measuring beam forms an interference fringe on an image sensor 76, 
after being reflected by the half mirror 61 . For a start, since it is completely the same as the second example, a process is 
omitted. 

[0043] Although it is desirable to carry out image formation of the pupil surface of ******** 64-ed to the detection side 
of an image sensor 76, when unrealizable, the point which may also carry out image formation of the reflector of the 
spherical-surface mirror 65 to the detection side of an image sensor 76 is the same as the second example. The same is 
completely said of the analysis method of an interference fringe using the shift of a diffraction grating 73, and the 
alignment method using the quadrisection detector 70. Moreover, in this example, although the light source pinhole 57 
was moved actively and the effect of disturbance, such as an oscillation, is eliminated, this is the same as the first 
example. 

[0044] The point that this example differs from the second example is a point that it is not necessary to put drawing on 
an image surface location and to remove the unnecessary diffracted light. The metering device shown in drawing 13 
shows the calibration method of the interferometer shown in drawing 12 . It proofreads like the second example using 
the highly precise spherical-surface mirror 82. Although the calibration method is the same as the second example, in 
order to raise measurement precision further, the device is established in this example. When proofreading equipment 
using a spherical-surface mirror, the profile irregularity of a spherical-surface mirror determines precision. If profile 
irregularity is bad, it cannot proofread in the precision beyond it. But since it is very difficult, manufacturing a highly 
precise field has taken the method which proofreads equipment using the measured profile irregularity data in this 
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example. 

[0045] The spherical-surface mirror 82 is installed on the rotary table 83, and after it measures 0 times in a location, it 
performs second measurement in the location rotated 180 degrees. Then, a mirror 84 is inserted in an image surface 
location, and third measurement (the so-called cafs-eye measurement) is performed. By analyzing these 3 times of 
measurement results, the shape of absolute form of the spherical-surface mirror 82 can be known, in this measuring 
device, by enabling this measurement on equipment, calibration precision is boiled markedly and raised. 
[0046] Only the aberration produced in optical system is correctly searched for by specifically subtracting the effect of 
the profile irregularity of the spherical-surface mirror 82 measured by this equipment by computer 78. Although cat's- 
eye measurement is realized by inserting a mirror 84 in this example, if the spherical-surface mirror 82 is movable to the 
optical-axis method, it is also possible to perform cat's-eye measurement using spherical-surface mirror 82 self. 
[0047] It cannot be overemphasized that the improvement technique of the accuracy of measurement by this method can 
be used also for the profile irregularity calibration of the spherical-surface mirror 65 for measurement. Since the 
spherical-surface mirror 65 for measurement is carried on the stage 66, it is comparatively easy to move in the direction 
of an optical axis by the radius of curvature of the spherical-surface mirror 65 for measurement on a stage, and to take 
arrangement of cat f s-eye measurement. 

[0048] Drawing 14 shows the rigging method of the interferometer of this example. By measuring the reflected light 
from the very highly precise flat-surface mirror 81 put on the location of the first objective lens 63, the wave aberration 
produced by the collimator lens 59, the 2nd objective lens 72, other mirrors, etc. can be known. It becomes possible to 
adjust a collimator lens or to remove distortion by the hold of a mirror based on this information. 
[0049] The cube-corner-reflector mirror 80 is installed by the rigging method of the interferometer of this example 
shown in drawing 15 . The light reflected by the cube-corner-reflector mirror 80 can arrange the detection pinhole 74 
and the quadrisection detector 70 in the light source pinhole 57 and a location [ **** ] using the property to return in the 
direction of incidence. In addition, the pinhole by the side of the light source of each above-mentioned example may be 
the end face of a fiber. That is, if the pinhole by the side of the light source is the thing of the degree it can be considered 
that is the point light source, it is good anything. 
[0050] 

[Effect of the Invention] As mentioned above, by this invention, even if coherence length was the optical system which 
uses the very short light source, the interferometer which can measure wave aberration by the high accuracy of 
measurement could be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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